mutation of the ATL3 gene was identified by genetic testing. The cells expressing the mutant ATL3 exhibited disruption of the endoplasmic reticulum (ER) network, suggesting a dominant-negative effect.
| PATIENTS AND METHODS

| Clinical information
The pedigree of the family affected by HSN is shown in Figure 1A . Affected and unaffected family members underwent a detailed clinical, neurological, and electrophysiological examination by two experienced neurologists (B.Z., G.Z.). This study was approved by the Ethical Committee of The Second Affiliated Hospital, Zhejiang University School of Medicine (China) and informed consent was obtained from the family members and control subjects.
| Family member IV:2
The proband, a 32-year-old man, reported numbness of the lower limbs for more than 10 years without obvious cause. He had decreased sensation of cold and heat and an absence of sweating in both feet. He reported the appearance of blisters on the big toe (hallux) after walking or exercising ( Figure 1B, left) , although the wound healed without treatment. However, symptoms recurred, developing from the distal to the proximal region of the toe. Examination showed normal muscle strength and tone in all four limbs, while tendon reflexes were absent and superficial sensations were decreased.
Babinski sign was negative. Routine serum tests, including vitamin B 12 were normal. Electrophysiological tests showed substantially decreased amplitude of sensory nerves, normal amplitude of motor nerves, slightly reduced nerve conduction velocities (NCV) of the sensory nerves and normal NCV of the motor nerves (Table 1) .
| Family member III:9
Family member III:9 reported a history of pain in the hallux and blisters (approximately 0.5 × 1 cm 2 ) without redness and inflammation for more than 40 years. The blisters healed within a few days, but recurred a few months later. More than 10 years previously, the symptoms disappeared gradually ( Figure 1B , right). Neurological examination showed normal cranial nerves. Muscle strength and tone were normal in all four limbs, although tendon reflexes were absent except in the left biceps. Babinski sign was negative. The distal sensation and perception of lower limbs was mildly decreased. Electrophysiological tests showed similar changes to those of the proband but with better sensory nerve amplitude (Table 1) .
| The other patients
Although the other patients in this family (III:11, IV:3 and IV: 4) declined to participate in our study, all had symptoms similar to those of family member III:9.
| Genetic testing
Genomic DNA was extracted from peripheral blood leukocytes of family members (III:9, III:10 and IV:2) using commercial kits (QIAGEN, Hilden, Germany) and stored at −20 C. Exome sequencing of the proband was performed by Axeq Technologies (RayLee Biotech, Shanghai, PR China) according to the methods reported previously. 5 Briefly, Agilent SureSelect v6 reagents were used to capture exons, which were sequenced using the Illumina HiSeq X Ten platform. Cosegregation in the family members was analyzed using Sanger sequencing of the genomic DNA; potential pathogenic variants and polymorphisms were excluded in 100 normal controls.
| Expression plasmids
The amplicon for human ATL3 (NM_015459) was amplified from the pHAGE2 mCherry-ATL3 plasmid (Addgene #86680) using the following primers: forward: agcttggtaccatggtgagcaagggcgaggag and reverse primer: tccatggatccagctcgagatctgagtccggacttgtacagctcgtccatgcc. The amplified fragment was inserted into pCas9_GFP (Addgene #44719).
Mutations c.A575G and c.C1013G were introduced by PCR-based 
| Cell culture, growth and transfection
HeLa cells were maintained in high glucose DMEM supplemented with 10% FBS (Thermo Fisher Scientific, Waltham, MA) and penicillin (100 U/mL), streptomycin (100 mg/mL) at 37 C in a 5% CO 2 humidi- and GAPDH (ab9483; Abcam, Shanghai, China).
| Immunohistochemistry
Cells were transfected with the expression constructs using Lipofectamine2000 (Invitrogen) and fixed after 24 hours with 4% paraformaldehyde. Images were obtained with a Leica TCS SL confocal microscope using a 63× objective and GFP (488 nm exCitation) and mCherry (568 nm exCitation) lasers for collection of two channel sections. Image analysis was performed using ImageJ software (NIH).
| Statistics
Statistical analysis was performed using SPSS version 23.0 (Statistical Package for Social Science, Chicago, Illinois). Comparisons of data were made using two-way ANOVA. Statistical significance limit: P < 0.05.
| RESULTS
| Clinical characteristics
The patients in this family showed sensory abnormalities and recurrent ulceration of the distal lower extremities. Examination showed normal muscle strength and tones in all four limbs, although tendon reflexes were absent and superficial sensation was decreased. Electrophysiological data showed substantially decreased sensory nerve amplitude, normal motor nerve amplitude and slightly reduced NCV of the sensory and motor nerves. The clinical information suggested that axonal degeneration of the distal sensory nerves was the main form of damage. However, the severity of the symptoms in family members was much less severe than those of the patients reportedly previously in that the recurrent ulceration of the distal limbs was mild in most cases (Table 2) .
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| Genetic analysis
In this family, we identified a previously reported c.C1013G (p.
P338N) mutation of the ATL3 gene ( Figure 1C,D) , providing further evidence of the involvement of ATL3 in HSN1F. This mutation was present in family members III:9 and IV:2, but absent in family member III:10. This is the second family affected by HSN1F in which the c.
C1013G mutation of the ATL3 gene has been identified, and the first report of this gene in Chinese patients.
| Disrupted ER morphology caused by the p. P338R mutation of ATL3
To test the effect of the c.A575G and c.C1013G mutation, we generated pCas9-GFP-ATL WT , pCas9-GFP-ATL Y192C and pCas9-GFP-ATL P388R constructs for overexpression tests, which showed disrupted ER morphology in the cells expressing mutant ATL3 ( Figure 2) ; these changes were consistent with those reported previously. 3, 6 To investigate the association of disrupted ER morphology and ER stress, we analyzed binding immunoglobulin protein (BiP) levels in cells overexpressing wildtype and mutant ATL3. No significant differences in the cells expressing wild-type and mutant ATL3 were observed (P > 0.05, data not shown).
| DISCUSSION
Here, we report a family affected by HSN1F caused by a previously reported ATL3 gene mutation c. C1013G (p.P338N) . This is the second family to be identified with the c.C1013G mutation of the ATL3 gene Mitochondria in cells expressing mutant ATL3 display lowered motility, and the number of axonal mitochondria in neurons was markedly decreased. 9 However, the relationship between the disrupted ER and axonal degeneration of the sensory nerves remains to be elucidated.
In summary, we identified an ATL3 gene mutation in a Chinese family with HSN1F and our findings expand the phenotypic spectrum of this condition. Disruption of the structure of the tubular ER is the main cause of HSN1F. However, further studies are required to identify the molecular mechanism underlying the pathogenesis of HSN1F.
